Introduction
In 1978, a flow-through phototransducer was developed in our laboratories at University College Swansea; it used a light-emitting diode (LED) as the light source and a silicon phototransistor as the detector [1] . A number of these units were constructed and have proved extremely useful as sensitive, low-cost detectors in flow-injection analysis (FIA).
Over a period of time, various flowcell designs of different path-length and diameter have been assessed and used in a number of applications. For each design it was found necessary to change the values of certain electronic components in the detector circuit in order to accommodate the different light levels incident upon the phototransistor as a result of the different path-lengths and areas, so that in practice it has proved difficult to try more than one type of flowcell for any particular application.
Problems of long-term reliability have been encountered with the external connections between the electronic circuit and the flowcells, which were vulnerable both to mechanical damage and to chemical attack. In addition, under certain conditions the external leads from the phototransistor are sensitive to electrical interference. The phototransducer was redesigned to overcome these deficiencies, and at the same time to improve the overall performance, as described in detail below. Eventually the cell shown in figure 2(a) was devised. It consisted of a glass capillary of mm diameter fitted at right angles through the walls of a piece of small-bore opaque rubber or heat-shrinkable tubing. An LED and a phototransistor were fitted into the two ends of the tube, and the assembly was mounted onto the base of a small plastic plug-in module using epoxy resin adhesive, and coated in black paint to exclude stray light ( figure 2 [b]). The cover was then fitted, after which the cell was encapsulated in epoxy resin.
The capillary was gripped tightly between the walls of the tube, thus ensuring that all light reaching the phototransistor had passed through the capillary, and preventing any leakage of light from the light source to the detector. In tests, this cell proved to be equally sensitive compared with other types of cell of similar path-length, whilst offering a considerable improvement in the resolution of the fine structure present in FIA peaks, due to the fact that the absorbance was measured at right angles to the direction of the flow. 
Results and discussion
The calibration curve obtained is a straight line of the form H= 3-67C-6.86 where H is the peak height in mm and C is the sample concentration in ppm. The correlation coefficient is 0"9997. Figure 4 shows the peaks obtained by injecting a series of 10 samples each of 25 ppm Pb /. Statistical analysis of the results gave a mean peak height of 84-15 mm, a standard deviation of 0"48 mm and a relative standard deviation of 0"58. Future work to improve the performance of the unit will concentrate upon interfacing the phototransducer to a microcomputer, with the aim of improving the signal-to-noise ratio of the unit through the use of Fast Fourier Transform (FFT) and digital filtering techniques.
